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(57) In an interference cancellation apparatus for 
use in combination with a diversity receiving 
system, the apparatus includes first and second 
transversal filter means, first and second con- 
trol means, third transversal filter means, third 
control means, decision means, first error pro- 
ducing means, and subtracter means which are 
operable as a first MMSE control loop for con- 
trolling first and second controllable tap gains 
and third controllable tap gains with reference 
to a first error signal. The apparatus further 
includes diversity combining means which are 
operable as a second MMSE control toop for 
controlling a combined signal with reference to 
a difference between the combined signal and a 
decision signal. An adaptive equalization and 
an interference cancellation are processed in 
parallel by the first and the second MMSE 
control loops, so that the control of the adaptive 
equalization and the interference cancellation 
can be converged at a high speed. 
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This invention relates to an interference cancellation apparatus, particularly to an interference cancellation 
apparatus for use in cancelling interfering waves and adaptively equalizing multi-pass distortion, when sub- 
jected to broad-band interfering waves on fading diversity channels. 

In general, such an interference cancellation apparatus is for use in combination with a diversity receiving 
system which has a plurality of diversity routes. The apparatus is operable as a decision feedback equalizer 
(DFE) which is supplied with diversity reception signals corresponding to the diversity routes to produce an 
equalized signal. 

A conventional interference cancellation apparatus comprises first and second transversal filters each of 
which has a plurality of controllable taps and which filter the first and the second diversity reception signals 
into first and second transversal filtered signals in accordance with first and second controllable tap gains, 
respectively, first and second tap gain controllers for controlling the first and the second controllable tap gains 
with reference to an error signal and a distributed signal distributed in each one of the taps in accordance with 
a predetermined adaptive algorithm, third transversal filter which has a plurality of taps and which filters a de- 
cision signal into a third transversal filtered signal in accordance with third controllable tap gains, third tap gain 
controller for controlling the third controllable tap gains with reference to the error signal and a distributed signal 
distributed in each tap in accordance with the predetermined adaptive algorithm, a decision unit for detecting 
a level of the equalized signal to decide a decision level for the equalized signal and to produce a decision 
signal representative of the decision level to supply the decision signal to the third transversal filter, an error 
producing unit for producing the error signal which is indicative of a difference between a subtracted signal 
and the decision signal and which is supplied to the first, the second, and the third tap gain controllers, a sub- 
tractor for subtracting the third transversal filtered signal from a combined signal to supply the subtracted sig- 
nal to the decision unit and the error producing unit, and a diversity combination unit for combining the first 
and the second transversal filtered signals to produce the combined signal. 

Such a conventional interference cancellation apparatus is disclosed in "MMSE Equalization of Interfer- 
ence on Fading Diversity Channels", Peter Monsen, IEEE Transactions on Communications, VOL COM-32, 
No. 1, January 1984. 

However, it still remains as an unsolved problem that the conventional interference cancellation apparatus 
has defects with respect to an algorithm and a speed of the adaptive equalization. In fact, the conventional 
interference cancellation apparatus is subjected to disturbing or jamming waves sent from a flying object in 
addition to the interference from adjacent channels. 

In such a case, a changing speed of the interference waves becomes larger than that of the fading. As a 
result, it becomes difficult that removal of the interference and multipath distortion should be followed in ac- 
cordance with Least Mean Squares (LMS) algorithm. 

It is pointed out by Kojiro Watanabe in a reference ICCC Session No. 46.2.1 "Adaptive Matched Filter and 
its Significance to Anti-Multipath Fading" that the conventional interference cancellation apparatus proposed 
by Peter Monsen cannot be operable at a high convergence speed. 

It is therefore an object of this invention to provide an interference cancellation apparatus which can be 
operable at a high convergence speed. 

Other objects of this invention will become clear as the description proceeds. 

On describing the gist of the present invention, it should at first be understood that an interference can- 
cellation apparatus is for use in combination with a diversity receiving system which has first and second di- 
versity routes, the apparatus being supplied with first and second diversity reception signals corresponding 
to the first and the second diversity routes and being operable as a decision feedback equalizer to produce 
an equalized signal. 

According to this invention, the above-understood interference cancellation apparatus comprises: first and 
second transversal filter means for filtering the first and the second diversity reception signals into first and 
second transversal filtered signals in accordance with first and second controllable tap gains, respectively; 
first and second control means for controlling the first and the second controllable tap gains with reference to 
a first error signal in accordance with a predetermined adaptive algorithm; third transversal filter means for 
filtering a decision signal into a third transversal filtered signal in accordance with third controllable tap gains; 
third control means for controlling the third controllable tap gains with reference to the first error signal in ac- 
cordance with the predetermined adaptive algorithm; decision means for detecting a level of the equalized sig- 
nal to decide a decision level for the equalized signal and to produce a decision signal representative of the 
decision level to supply the decision signal to the third transversal filter means; first error producing means 
for producing the first error signal indicative of a difference between a subtracted signal and the decision signal, 
the first error signal being supplied to the first, the second, and the third control means; subtracter means for 
subtracting the third transversal filtered signal from a combined signal to supply the subtracted signal to the 
decision means and the first error producing means; and diversity combination means for combining the first 
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and the second transversal filtered signals to produce the combined signal. The diversity combination means 
comprises: adder means for calculating a total sum of a first complex multiplied signal and a second complex 
multiplied signal to produce a total sum signal representative of the total sum; first and second complex mul- 
tiplier means for complexly multiplying the first and the second transversal filtered signals by first and second 

5 correlated values and to produce the first and the second complex multiplied signals, respectively; first and 
second correlation means for correlating the first and the second transversal filtered signals with a second 
error signal in each of the first and the second diversity routes to produce first and second correlation signals 
indicative of the first and the second correlated values, respectively; and second error producing means for 
producing the second error signal indicative of a difference between the total sum signal and the decision sig- 

10 nal, the second error signal being supplied to the first and the second correlation means, respectively. 

The invention will now be described by way of example with reference to the accompanying drawings, in 
which:- 

Fig. 1 is a block diagram of a conventional interference cancellation apparatus; 
Fig. 2 is a block diagram of an interference cancellation apparatus according to an embodiment of this 
15 invention; and 

Fig. 3 is a block diagram for use in describing an operation of the interference cancellation apparatus il- 
lustrated in Fig. 2. 

Referring to Fig. 1, description will first be made as regards a conventional interference cancellation ap- 
paratus for a better understanding of this invention. 

20 In Fig. 1, illustration is made about a conventional interference cancellation apparatus which is for use in 

combination with a diversity receiving system which has two diversity routes. Namely, the illustrated conven- 
tional interference cancellation apparatus is applied to dual diversity receiving systems. The apparatus is op- 
erable as a decision feedback equalizer (DFE) which is supplied with first and second diversity reception sig- 
nals 1 and 2 corresponding to the diversity routes to produce an equalized signal. 

25 As illustrated in Fig. 1, the conventional interference cancellation apparatus comprises first and second 

transversal filters (will be called hereinunder first and second forward transversal filters) 301 and 302 each 
of which has a plurality of controllable taps and which filter the first and the second diversity reception signals 
1 and 2 into first and second transversal filtered signals Sf1 and Sf2 in accordance with first and second con- 
trollable tap gains, respectively, first and second tap gain controllers 303 and 304 for controlling the first and 

30 the second controllable tap gains with reference to an error signal s L and a distributed signal distributed in each 
one of the taps in accordance with a predetermined adaptive algorithm, such as minimum means square error 
(MMSE) algorithm, third transversal filter (hereinunder called backward transversal filter) 305 which has a plur- 
ality of taps and which filters a decision signal S d into a third transversal filtered signal S b in accordance with 
third controllable tap gains, third tap gain controller 306 for controlling the third controllable tap gains with ref- 

35 erence to the error signal e l and a distributed signal distributed in each tap in accordance with the predeter- 
mined adaptive algorithm, a decision unit 307 for detecting a level of the equalized signal to decide a decision 
level for the equalized signal and to produce the decision signal S d representative of the decision level to supply 
the decision signal S d to the backward transversal filter 305, an error producing unit, such as a subtracter (here- 
inunder called afirstsubtractor) 309 for producing the error signal e L which is indicative of a difference between 

40 a subtracted signal S r and the decision signal S d and which is supplied to the first, the second, and the third 
tap gain controllers 303, 304, and 306, a subtracter (hereinunder called a second subtracter) 310 for subtract- 
ing the third transversal filtered signal S b from a combined signal S p to supply the subtracted signal S r to the 
decision unit 307 and the first subtracter 309, and a diversity combination unit, such as an adder (hereinunder 
called an adder) 308 for combining the first and the second transversal filtered signals and Sf 2 to produce 

45 the combined signal S p . 

The first and the second forward transversal filters 301 and 302 are connected to respective analog to 
digital (A/D) converters, demodulators, and the like corresponding to respective diversity routes, although they 
are not shown in Fig. 1. 

Description will hereinunder proceed to an operation of the interference cancellation apparatus illustrated 
50 in Fig. 1. 

Like a general decision feedback equalizer, in the interference cancellation apparatus, a pre-cursor dis- 
tortion is removed by the first or the second forward transversal filter 301 or 302 while a backward cursor dis- 
tortion is removed by the backward transversal filter 305. Namely, the first diversity reception signal 1 is de- 
prived of its pre-cursor distortion by the first forward transversal filter 301 to produce the first transversal fil- 
55 tered signal S f1 while the second diversity reception signal 2 is deprived of its pre-cursor distortion by the sec- 
ond forward transversal filter 302 to produce the second transversal filtered signal S^. The first and the second 
transversal filtered signals S f1 and are combined by the adder 308 to produce the combined signal S p . 

The decision signal S d is supplied to the backward transversal filter 305. In the backward transversal filter 

3 
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305, a backward cursor distortion remained in the diversity combined siqnal S is assume h« a 
transversa, filter 305. The diversity combined signai S p isdeprived of the ^^S^SSSX 
he second subtractor310 to produce a diversity combined and subtracted signal Sr. Thus.TL^ ^eoual 

s t t ro7heThrr io ^ removin9mu ^ 

es On the other hand, each tap gam is controlled by the first and the second tap gain controlled 303 aSw 
and by the third tap gain control.er 306 in accordance with a predetermined dgorZ oy the use o 
signal j and distributed signa,s distributed in each tap of the first and the second 

301 and 302, and the backward transversal filter 305. transversal filters 

i?? h ri Si9na ' Y indiCatiV6 ° f 3 differenCe b6tWeen an input and an ™W <« ^e decision unit 307 
whJh « r ' S " ch t a , COn r enti0nal imerference cancel,ation apparat <« * included in a diveZraceiver 
ZaTJZr * V 1 d ' 9,tal transmfesion < 10M bps ) « «* multi-path fading channels as represented by 
troposphenc scatter propagation. Under such circumstances, a changing speed of the fadino k! ™! 

para us used ,n such circumstances, control of the tap gain is generally carried out in accorteZ ^eZ 

»r C ?Tto2 ( f 90nt ^ ,hlS LMS a ' 90rithm ' Pr ° Vided that a tep &™ at a certain samp ng time 
n is C" a tap gam at a sampling time n+1 is adjusted by the equation (1): 

C n * ' = C n - H8 n U", (1) 

where p represents an adjusting factor, and represents the first error signal at the sampling time n while u" 
represents the distributed signal distributed in each tap. 9 

In the conventional interference cancellation apparatus as illustrated in Fig. 1, interference cancellation 
LZTl*2t°f Whenbroad - band interfe ^ waves are present independent from desTd a 
that sue I ZT ^ enV,r0 T entS ' as described in tne above-mentioned reference. This is based on 
that such a d.vers.ty system ,s operable as a kind of power inversion adaptive array and so that diversity siqnals 
are combined to countervail the interfering waves each other between the diversity routes.! n «Z£TS2 

ZZZZZT " °r fable T 38 3 Si9na ' reinf ° rCing SyStem ° ri9inally expe « ed theret0 2 an r 
ference cancellation system, exphcit diversity effect cannot be achieved. On the other hand, since signal col 

ponents delayed and dispersed through multipath dispersion are converged with maximum ra to comb! Z 

at time domain by the f.rst and the second forward transversal filters 301 and 302, implicit diversity effect caJ 

^^o1!^r!niZT ^T mm m6anS SQUare err ° r (MMSE > al 9° rithm for an 
average o square of the above-ment.oned error signals, the power inversion interference cancellation as well 

as the matching filter adaptive equalization can be comprehensively carried out in the sigrTa jessing 

tteuZT' ' n Preamb ' e ° f the instants P^f^tion, itstill remains as an unsolved problem 

that the conventual interference cancellation apparatus has defects with respect to an algorithm andaspeed 

turbine eqUa " 2ati ° n - !"* COnVenti0na, interferenCe -" e — ta " subjected to 7s 

uc IIpT'h 9 3 f,yinQ ° bjeCt in addition 10 the interference fl ™ adjacent channels In 

such a case a changing speed of the interference waves becomes larger than that of the fading. As a result 

wi hT: s h d,ff ,cult : hat re :°: c al of ,he interference and muitipath distorti ° n ^ be f 

with the above-mentioned LMS algorithm. 

It is pointed out by Kojiro Watanabe in a reference ICCC Session No. 46.2.1 "Adaptive Matched Filter and 

v S Pete! rZT ^ ** «" C ° nVenti ° na ' interferenCe Cancellat * n ap ^s po 

uJ.nl f T IS " ° P , 3t 3 h ' 9h conver 9 ence speed - The reason is that the LMS algorithm with a 
Z 30* ' ? nal J ! aPPHed 10 a " thS t3pS ° f the f irst and the second forward transversal filters 30 

Furth. 1 h tran , SVerSal ' ilt6r 305 3nd S ° th3t the COrre,ated matri * bec °™* '"»• in size. 
Furthermore, each e.genvalue ,n the correlated matrix becomes far uneven when the interferinq waves 

7*ectlt ■ Tr tional ; nterference cancei,ation apparatus in additi ° n «* »• %E£Z ZZ 

tlT^ZTZ P ,nterfere : Ce CanCe " 3ti0n apParatUS iS SmalL ,n this — • il be ^ ™re serious 
that the adaptive convergence speed is small. 

Kal^n^ll 80 '" 6 thiS Pr ° blem ' Peter Monsen refers t° ^ the above-mentioned reference an application of 
Kalman algonthm as one of the adaptive algorithms. However, it causes another problem of too much time of 
compu ,ng to apply the Kalman algorithm, since it requires complicated processing Acc^rding^itTat p eTe^ 
d,ff ,cult for the Kalman algorithm to be applied to fast transmission system 

a nr^Tfin 98 ' 2 t f,!' deSCripti0n Wi " ProC6ed 10 an interfere "^ cancellation apparatus according to 
a preferred embodiment of this invention. 

wise^me^^^^^ cancellation apparatus comprises similar parts which are operable with like- 

binalionwiih 2 , 3 !!' T^" 0 " " m3d6 3b ° Ut th6 interference cancellation apparatus which is for use in com- 
b,nat,on w.th a diversity recemng system which has two diversity routes. Namely, the illustrated interference 
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cancellation apparatus is applied to dual diversity receiving system, as is similar to the conventional one illu- 
strated in Fig. 1. Like the conventional one, the apparatus is operable as a decision feedback equalizer (DFE) 
which is supplied with first and second diversity reception signals 1 and 2 corresponding to the diversity routes 
to produce an equalized signal. 

5 As illustrated in Fig. 2, the interference cancellation apparatus comprises first and second forward trans- 

versal filters 1 01 and 1 02 which have a plurality of first and second taps, the first and the second forward trans- 
versal filters 101 and 102 filtering the first and the second diversity reception signals 1 and 2 into first and 
second transversal filtered signals and Sf 2 in accordance with first and second controllable tap gains, re- 
spectively; first and second tap gain controllers 103 and 104 for controlling the first and the second controllable 

10 tap gains with reference to a first error signal and a distributed signal distributed in each one of the first and 
the second taps in accordance with a predetermined adaptive algorithm, such as minimum mean square error 
(MMSE) algorithm; a backward transversal filter 105 which has a plurality of third taps and which filters a de- 
cision signal S d into a third transversal filtered signal Sb in accordance with third controllable tap gains; third 
tap gain controller 106 for controlling the third controllable tap gains with reference to the first error signal 1 

15 and a third distributed signal distributed in each of the third taps in accordance with the predetermined adaptive 
algorithm; a decision unit 107 for detecting a level of the equalized signal to decide a decision level for the 
equalized signal and to produce a decision signal S d representative of the decision level to supply the decision 
signal S d to the backward transversal filter 105; a first error producing unit, such as a subtractor (hereinunder 
called a first subtractor) 109 for producing the first error signal indicative of a difference between the sub- 

20 tracted signal S r and the decision signal S d , the first error signal being supplied to the first, the second, and 
the third tap gain controllers 103, 104, and 106; a second subtractor 110 for subtracting the third transversal 
filtered signal S b from the combined signal S p to supply the subtracted signal S r to the decision unit 107 and 
the first subtractor 109; and a diversity combining section 158 for combining the first and the second trans- 
versal filtered signals and Sf 2 to produce a combined signal Sp. 

25 The diversity combining section 158 comprises an adder 108 for calculating a total sum of a first complex 

multiplied signal and a second complex multiplied signal SC2 to produce a total sum signal S p representative 
of the total sum; first and second complex multipliers 112 and 113 for complexly multiplying the first and the 
second transversal filtered signals Sf! and Sf 2 by the first and the second correlated values a and p to produce 
first and second complex multiplied signals Sc1 and SC2, respectively; first and second correlators 114 and 

30 115 for correlating the first and the second transversal filtered signals Sfj and Sf 2 with a second error signal 
£ 2 in each of the first and the second diversity routes to produce first and second correlation signals indicative 
of the first and the second correlated values a and p, respectively; and a second error producing unit, such as 
a subtractor (hereinunder called a third subtractor) 111 for producing the second error signal e 2 indicative of a 
difference between the total sum signal S p and the decision signal S d , the second error signal e 2 being supplied 

35 to the first and the second correlators 114 and 115, respectively. 

In this preferred embodiment, the above-mentioned equalized signal is a multilevel signal having a plurality 
of levels greater than two. The decision unit 107 detects which one of the levels the multilevel signal has as 
a decision level to produce a decision signal representative of the decision level. 

The first and the second forward transversal filters 101 and 102 are connected to respective analog to 

40 digital (A/D) converters, demodulators, and the like corresponding to respective diversity routes, although they 
are not shown in Fig. 2. 

Description will hereinunder proceed to an operation of the interference cancellation apparatus illustrated 
in Fig. 2. 

Supplied with the first and the second diversity reception signals 1 and 2, the first and the second forward 
45 transversal filters 101 and 102 produces the first and the second transversal filtered signals S f1 and S Q which 
are deprived of each pre-cursor distortion thereby, respectively. The first and the second transversal filtered 
signals S f1 and S^ are diversity combined by the diversity combining section 158 to produce a diversity com- 
bined signal Sp. The backward transversal filter 105 produces a third transversal filtered signal S b which is 
deprived of its post-cursor distortion thereby in response to a decision signal S d from the decision unit 107. 
so From the diversity combined signal S p , the third transversal filtered signal S 5 is subtracted by the second sub- 
tractor 110 to produce the subtracted signal S r . In response to the subtracted signal S r , the decision unit 107 
produces the decision signal S d and supplies the decision signal S d to the backward transversal filter 105 as 
an input signal. The first subtractor 109 calculates a difference between input and output signals of the decision 
unit 107, namely, the difference between the subtracted signal S r and the decision signal S d , to produce the 
55 first error signal In response to the first error signal e 1t the first and the second tap gain controllers 103 and 
1 04 adjust each tap factor of the first and the second transversal filtered signals S^ and S^. The third tap gain 
controller 106 adjusts a tap factor of the third transversal filtered signal S b in response to the first error signal 
e,. Supplied with the first and the second transversal filtered signals S fl and S^ through each diversity route, 

5 
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the first and the second complex multipliers 112 and 113 carry out each complex multiply to produce first and 
second complex multiplied signals Sc, and Sc 2 . The third subtracters 111 calculates a difference between the 
diversity combined signal S p and the decision signal S d to produce the second error signal e 2 . The first and 
the second correlators 1 1 4 and 1 1 5 correlate the second error signal e 2 and the first and the second transversal 

5 filtered signals S f1 and Sfz through each diversity route to produce first and second correlation signals indicative 
of the first and the second correlated values a and p. The first and the second correlation signals are supplied 
to the first and the second complex multipliers 112 and 113 through each diversity route. The first and the sec- 
ond complex multipliers 112 and 113 carry out each complex multiply between the first and the second corre- 
lated values a and p and the first and the second transversal filtered signals Sn and to produce the first 

10 and the second. complex multiplied signals and S^. 

Referring to Fig. 3, description will proceed to an operation of the interference cancellation apparatus il- 
lustrated in Fig. 2. 

In Fig. 3 f illustrated are desired signal wave source 201 having a sampling value S n , an interference wave 
source 202 having a sampling value J nt an impulse response h 1 in the transmission system responsive to the 

15 first diversity reception signal 1 at the sampling value S n , an impulse response h 2 in the transmission system 
responsive to the second diversity reception signal 2 at the sampling value S n , an impulse response g 1 in the 
transmission system responsive to the first diversity reception signal 1 at the sampling value J n , an impulse 
response g 2 in the transmission system responsive to the second diversity reception signal 2 at the sampling 
value J n? threefold shift registers 211 and 212 each of which has T/2 interval (T: symbolic cycle), first and second 

20 multiplier groups 213 and 214 each of which consists of three multipliers, a twofold shift register 215 which 
has T interval, a third multiplier group 216 which consists of two multipliers, first and second adders 217 and 
218, a decision unit 107, first, second, and third subtracters 109, 110, and 111. Besides, first, second, and third 
tap gain controllers 103, 104, and 106 are present, like in Fig. 2, although they are not shown in Fig. 3. 
Herein, it is assumed that tap factor vectors produced by the first and the second tap gain controllers 103 

25 and 104 are depicted by C and W, respectively. 

The first diversity reception signal 1 is defined as a first input signal n in Fig. 2. The is multiplied with 
the tap factor vector C* by the convolution processing on the first forward transversal filter 101. As a result, 
the first transversal filtered signal S f1 comes to be representative of r^C. The first transversal filtered signal 
S f1 is then multiplied with the tap factor a on the first complex multiplier 112. Consequently, the first complex 

30 multiplied signal comes to be representative of r^aC. On the other hand, the second diversity reception 
signal 2 is defined as a second input signal r 2 in Fig. 2. The r 2 is multiplied with the tap factor vector W by the 
convolution processing on the second forward transversal filter 1 02. As a result, the second transversal filtered 
signal Sq comes to be representative of r 2 *W\ The second transversal filtered signal S c is then multiplied with 
the tap factor p on the second complex multiplier 1 1 3. Consequently, the second complex multiplied signal Scs 

35 comes to be representative of r 2 *pw\ This means that the first and the second complex multipliers 112 and 
1 13 can be omitted, provided that the tap factor vectors C and W* are multiplied with the tap factors a and p, 
respectively. 

With this block diagram illustrated in Fig. 3, the following equations (2) and (3) are concluded. 
C T = [C 0 C n CjAaC = a[C 0 ' C/ C 2 '] (2) 
40 V\T = [W 0 W, WJAPW = p[W Q ' Wi 1 W 2 '] (3) 

where C T and W 1 should be new tap factor vectors C and W produced by the first and the second tap gain 
controllers 103 and 104. Accordingly, the first and the second complex multipliers 112 and 113 as well as the 
first and the second correlators 114 and 115 are omitted in Fig. 3. 

In Fig. 3, it is assumed that the desired wave signals 201 (S n ) and 202(J n ) are broad-band modulated signals 
45 independent from each other, and that mutual correlation between symbols which are spaced from each other 
by more than one symbol is null. It is also assumed that Rayleigh fadings which are independent from each 
other are added to the impulse responses h\ h 2 , g 1 , and g 2 . 

In the interim, according to the above-mentioned conventional interference cancellation apparatus, i.e., 
Monsen's system, all tap factors of the DFE illustrated in Fig. 3 are controlled so that the means square error 
50 of the first error signal s 1 may be minimized. In such a case, a normal (Wiener hopf) equalizations in which 
each tap factor is an unknown quantity are represented by the following equations (4), (5), (6), (7), and (8). 
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where T represents transposition while * represents complex conjugate, and where I represents a unit matrix 
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where h 1 n represents a sampling value of the impulse response h 1 (1 = 1, 2) at the time n. 



(7) 



H 2 = 



1 v 

h " - 


. 1* 
n 2 


*! * 

h ~ 2 


^3 


, 1* 

n 3 






1 -* 

h " 2 




J 


~> - 

h~ , 





(8) 



40 In the above-depicted equation (4), C, W, D represent tap factor vectors of the first and the second forward 

transversal filters 101 and 102, and the backward transversal filter 105, respectively. Each of C, W, D is rep- 
resented by the following equation (9). On the other hand, h 1 and h 2 represent sampling value vectors of impulse 
responses h 1 and h 2 , respectively. Each of h 1 and h 2 represented by the following equation (10). 

C T = [C 0 C t CJ W = [W 0 WJ D T = [d 1 dj (9) 

45 h 1 = [h^ 0 h 1 *! h 1 *2l. h 2 = [h^oh 2 ^ h 2 ^ (10) 

In the above-depicted equation (4), the left-side of the normal equation is a correlated matrix of the Mon- 
sen's DFE. The correlated matrix of the Monsen's DFE is 8 x 8 in size, when applied to the system illustrated 
in Fig. 3. When the tap gain control is carried out in accordance with a maximum dividing method or the LMS 
algorithm, a performance function £ at the time n based on mean square value of the first error signal is rep- 

so resented by the following equation (1 1 ). 



55 1 * 

where £ mjn represents a critical minimum value of the performance function, Ao represents an error vector be- 
tween an initial value and an ideal solution concerning ail the taps, q, represents an intrinsic vector concerning 

7 
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the tap of i turn, X, represents an eigenvalue in the correlated matrix of 8 x 8, and n represents a tap adiustino 
actor ,n the .IMS algorithm. As dearly understood from the «M*n(1^th,ooJLSnJfi2^ 
nan. as the degrees of the diversity routes or numbers of the filter taps are increased. Consequent Te 

i rr ' me h U ( mean SqUa,B 6rr0r iS minimiZed beCOmes l0n9er - Particularly, the convenience time 
is detenorated, when the eigenvalue X, becomes uneven. 

e ~„°H C ° ntra 7; aCC ! rdin9 10 the Preferred embodiment of *»» Present invention, there is introduced the 
second error srgnal 2 produced by the third subtracter 111, as illustrated in Fig. 2. Consequently there is in 

z u z zr SE c r ,ated ioop which comprises the firet and ■*• 2-2^ i 

115, and the first and the second complex multipliers 112 and 113 in addition to the primary MMSE correlated 

ma IfZZ T' * *Tl "* P mU ' tiplied by the ** S6COnd --P.ex multiplied "7 2 and 

! y reneW6d S ° th3t mea " Square value of the second error ^gnal ^2 may be minimized The 

secondary MM8E ^elated loop is equa. to an LMS correlated .oop which is often used in an adaptive a Jay 
The secondary MMSE correlated loop is similar in operation to a nulling in an antenna pattern against Zl 
sired mterfenng and disturbing waves. Namely, in the secondary MMSE correlated loop, the tap factors a and 

d p ZT i 80 !T, T*™ 9 waves in diversity routes may 56 Cance,ted eacn * a JEZIZZ 

JS^SST^' , ' Pr0Vid6S 3 ^ COnver 9 ence characteristic u nder such severe circumstances 
that desired to undesired signals ratio (D/U) comes to be negative. Further, in the presence of interfering and 
dsturbing waves as well as multipath distortion, the secondary MMSE correlated loop responses more sen- 
sit.vely to the mterfenng and disturbing waves than to the multipath distortion. The reason is that the first and 

20 the second complex multipliers 112 and 113 are not transversal filters and so that operations of the firs and 
the second complex multipliers 112 and 113 are restricted toa control of amplitudes and phases of the diversity 
input signals r, other words, the first and the second complex multipliers 112 and 113 are not capable of such 
a transversal f.ltenng adaptive equalization. The first and the second complex multipliers 112 and 11 3 are ab- 
sorbed in an anti-phase combination of the interfering and disturbing waves 

25 Therefore, in the primary MMSE correlated loop with the first error signal „, there is carried out an ad- 
justment o the tapfactors of the first and the second forward transversal filters 101 and 102. and the backward 
transversal f.lter 105 so that multipath distortion due to variable elements hi and g* in the propagation paths 
may be removed. On the other hand, in the secondary MMSE correlated loop with the second error signal Z 
there is earned out an anti-phase cancellation of received interfering waves which is due to variable elemenTs 

30 h and gi in the Propagation paths. Thus, the first MMSE control system is for use in the adaptive equalization 
while the second MMSE control system is for use in the interference cancellation. By assigning each part to 
he irst and the second MMSE contro. systems, respectively, the adaptive equalization and the interference 
cancellation can be parallely processed at the same time. Consequently, both the adaptive equalization and 
he interference cancellation can be carried out at a high speed in the interference cancellation apparatus of 

35 the present invention, as compared with the conventional one. 

Such an operation of the interference cancellation apparatus of the present invention will be described 
more in detail. 

Generally, when a system has a plurality of control loops, a conflicting problem between the control loops 

40 t^UTZ T , l °K ? PPen - ' n ° rder t0 SOlVS thiS Pr0blem ' the difference of res P° nse s P e * d (time con- 
40 slant) should be made between the control loops. For example, the interference cancellation apparatus may 

be subjected to an environment in which the above-mentioned interfering waves are more fastly variable than 

the multipath waves. When the interference cancellation apparatus is subjected to such an environment the 

f reS f°" S l SP , the SeC ° nd MMSE COntrol System should be Predetermined to be larger than that of the 
fcrst MMSE contro system. Namely, the adjusting factor of the second MMSE control system should be made 
« larger han that of the first MMSE control system, with respect to algorithms, such as the aforesaid LMS algo- 
nthm, or adjusting the tap factors. Thereby, it becomes possible that cancellation of the interfering waves is 
set up faster than the adaptive equalization and that the control of the adaptive equalization is converged after 
the cancellation of the interfering waves is finished. In this event, it becomes sufficient that the above- 
menhoned tap factors C and W are converged in a solution for the removal of the multipath distortion. Inother 
words, ,t becomes possible that the correlated factors gi„ g«v k due to the interfering waves are deleted from 
the above-depicted correlated matrixes in the equations (5) and (6). This means that the electric power of the 
interfering waves can be deleted from the electric power in the correlated matrix R lm and so that an eigenvalue 
corresponding to the electric power in the correlated matrix R 1m becomes small 

M • , ^. COm P° nent indicatin 9 such e'ectric power in a correlated matrix is generally called a "trace". The "trace" 
55 is defined by the equation (12). 
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i = l 
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As clearly understood from the above equation (12), reception power is reduced, as the eigenvalue be- 
comes small. 

On the other hand, an MMSE control system with an LMS algorithm must comply with the following in- 
equality (13) so as to be converged. 
10 0 < n< (2/tr[R]) (13) 

In a case that a value of the above-mentioned adjusting factors exceeds the right part, (2/tr(R]), in the above 
inequality (13), the MMSE control is not converged but diverged. The reason is physically explained as follows. 

When the eigenvalue in the correlated matrix R lm becomes large due to large electric power of the inter- 
fering waves, a value of the right part, (2/tr[R]) in the inequality (13) becomes small. Under such circumstances, 
15 a value of the adjusting factor u. must be kept small so that the MMSE control system may comply with the 
inequality (13) to be converged. However, the adaptive equalization becomes slow, when the adjusting factor 
H is kept small. As a result, a convergence performance of the MMSE control system is deteriorated. 

Since the interfering waves are cancelled by the second MMSE control loop in the preferred embodiment 
of the present invention, it is possible that the eigenvalue is decreased by the quantity of the electric power 
20 of the interfering waves. Consequently, it is possible that the value of the right part, (2/tr[R]) in the inequality 
(13) becomes large. It is therefore not necessary that the adjusting factor n in the first MMSE control system 
is made too small. Accordingly, the convergence performance of the first MMSE control system is not so de- 
teriorated. 

As explained above, the adaptive equalization and the interference cancellation are processed in parallel 
25 by the first and the second MMSE control systems, so that the control of the adaptive equalization and the 
interference cancellation can be converged at a high speed. As a result, an excellent performance of both the 
adaptive equalization and the interference cancellation is achieved with respect not only to interferring waves 
which are variable faster than those of multipath fading but also to interfering waves by which the aforesaid 
D/U ratio becomes negative. 

30 While this invention has thus far been described in conjunction with a preferred embodiment thereof, it 

will readily be possible for those skilled in the art to put this invention into practice in various other manners. 
For example, the equalized signal may be a binary signal specified by a binary level. In this case, the decision 
unit 107 detects whether or not the binary level of the equalized signal exceeds a predetermined threshold 
level to decide a detected binary level for the equalized signal and to produce a decision signal representative 

35 of the judged binary level. 



Claims 

40 1. An interference cancellation apparatus for use in combination with a diversity receiving system which 
has first and second diversity routes, said apparatus being supplied with first and) second diversity re- 
ception signals (1) and (2) corresponding to said first and said) second diversity routes and being operable 
as a decision feedback equalizer to produce an equalized signal, said apparatus comprising: 

first and second transversal filter means (101 and 102) which have a plurality of first and second 
45 taps, said first and said second transversal filter means (101 and 102) filtering said first and said second 

diversity reception signals (1 and 2) into first and second transversal filtered signals (S^ and Sy in ac- 
cordance with first and second controllable tap gains, respectively; 

first and second control means (1 03 and 1 04) for controlling said first and said second controllable 
tap gains with reference to a first error signal (e^ and a distributed signal distributed in each one of said 
so first and said second taps in accordance with a predetermined adaptive algorithm; 

third transversal filter means (105) which has a plurality of third taps and which filters a decision 
signal (S d ) into a third transversal filtered signal (S b ) in accordance with third controllable tap gains; 

third control means (106) for controlling said third controllable tap gains with reference to said first 
error signal fo) and a third distributed signal distributed in each of said third taps in accordance with said 
55 predetermined adaptive algorithm; 

decision means (107) for detecting a level of said equalized signal to decide a decision level for 
said equalized signal and to produce a decision signal (S d ) representative of said decision level to supply 
said decision signal (S d ) to said third transversal filter means (1 05); 
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first error producing means (109) for producing said first error signal (s,) indicative of a difference 
between a subtracted signal (S r ) and said decision signal (S d ), said first error signal (8,) being supplied 
to said first, said second and said third control means (103, 104 and 106); 

subtracter means (110) for subtracting said third transversal filtered signal (S b ) from a combined 
signal (S p ) to supply said subtracted signal (S r ) to said decision means (1 07) and said first error producing 
means (109); and 

diversity combining means (158) for combining said first and said second transversal filtered sig- 
nals (Sf, and Sf^ to produce said combined signal (S p ); 
characterized in that: 

said diversity combining means (158) includes: 

adder means (108) for calculating a total sum of a first complex multiplied signal (Sc,) and a sec- 
ond complex multiplied signal (ScJ to produce a total sum signal as said combined signal (S p ) represen- 
tative of said total sum; 

first and second complex multiplier means (112 and 113) for complexly multiplying said first and 
said second transversal filtered signals (Sf, and Sf 2 ) by first and second correlated values a and p to pro- 
duce said first and said second complex multiplied signals (Sc, and SC2), respectively; 

first and second correlation means (114 and 115) for correlating said first and said second trans- 
versal filtered signals (Sf, and Sf 2 ) with a second error signal (e 2 ) in each of said first and said second 
diversity routes to produce first and second correlation signals indicative of said first and said second cor- 
related values a and 0, respectively; and 

second error producing means (111) for producing said second error signal (s 2 ) indicative of a dif- 
ference between said total sum signal (S p ) and said decision signal (S d ), said second error signal (ej being 
supplied to said first and said second correlation means (114 and 115), respectively. 

An interference cancellation apparatus as claimed in Claim 1, said equalized signal being a binary signal 
specified by a binary level, characterised in that said decision means detects whether or not the binary 
level of said equalized signal exceeds a predetermined threshold level to decide a detected binary level 
for said equalized signal and to produce a decision signal representative of said detected binary level. 

An interference cancellation apparatus as claimed in Claim 1, said equalized signal being a multilevel 
signal having a plurality of levels greater than two, characterised in that said decision means detects which 
one of said levels said multilevel signal has as a decision level to produce a decision signal representative 
of said decision level. 

An interference cancellation apparatus for use in combination with a diversity receiving system, said ap- 
paratus being supplied with first and second diversity reception signals (1 and 2) and being operable as 
a decision feedback equalizer to produce an equalized signal, said apparatus comprising: 

first and second transversal filter means (101 and 102) for filtering said first and said second di- 
versity reception signals (1 and 2) into first and second transversal filtered signals (Sf, and Sf 2 ) in accor- 
dance with first and second controllable tap gains, respectively; 

first and second control means (103 and 104) for controlling said first and said second controllable 
tap gains with reference to a first enror signal (e,) in accordance with a predetermined adaptive algorithm; 

third transversal filter means (105) for filtering a decision signal (S d ) into a third transversal filtered 
signal (S b ) in accordance with third controllable tap gains; 

third control means (106) for controlling said third controllable tap gains with reference to said first 
error signal (e,) in accordance with said predetermined adaptive algorithm; 

decision means (107) for detecting a level of said equalized signal to decide a decision level for 
said equalized signal and to produce a decision signal (S d ) representative of said decision level to supply 
said decision signal (S d ) to said third transversal filter means (105); 

first error producing means (109) for producing said first error signal (e,) indicative of a difference 
between a subtracted signal (S r ) and said decision signal (S d ), said first error signal (e,) being supplied 
to said first, said second, and said third control means (103, 104 and 106); 

subtracter means (110) for subtracting said third transversal filtered signal (S b ) from a combined 
signal (S p ) to supply said subtracted signal (S r ) to said decision means (1 07) and said first error producing 
means (109); and 

diversity combining means (158) for combining said first and said second transversal filtered sig- 
nals (Sf, and Sy to produce said combined signal (S p ); 
characterised in that: 
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said first and said second transversal filter means (101 and 102), first and second control means 
(103 and 104), third transversal filter means (105). third control means (106), decision means (107), first 
error producing means (109), and subtracter means (110) are operable as a first control loop for controlling 
said first and said second controllable tap gains and said third controllable tap gains with reference to 
5 said f ir-st error signal (e^; and that 

said diversity combining means (158) are operable as a second control loop for controlling said 
combined signal (S p ) with reference to a difference between said combined signal (S p ) and said decision 
signal (S d ). 

10 5. An interference cancellation apparatus as claimed in Claim 4, said predetermined adaptive algorithm be- 
ing minimum mean square error algorithm, characterized in that said second control loop is operated in 
accordance with an additional predetermined adaptive algorithm of the minimum mean square error al- 
gorithm. 
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